Extraretinal and retinal hedgehog signaling sequentially regulate retinal differentiation in zebrafish.
Hedgehog (Hh) signaling is required for eye development in vertebrates; known roles in the zebrafish include regulation of eye morphogenesis and ganglion cell and photoreceptor differentiation. We employed a temporally selective Hh signaling knockdown strategy, by using antisense morpholino oligonucleotides or the teratogenic alkaloid cyclopamine, in order to dissect the separate roles of Hh signaling arising from specific sources. We also examined the eye phenotype of zebrafish slow muscle-omitted (smu) mutants, which lack a functional smoothened gene, encoding a component of the Hh signal transduction pathway. We find that Hh signaling from extraretinal sources is required for the initiation of retinal differentiation, but this involvement may be independent of the effects of Hh signaling on optic stalk development. We also find that Hh signals from ganglion cells participate in propagating expression of ath5, and we suggest that the effects of Hh signals from the retinal pigmented epithelium on photoreceptor differentiation may be mediated by the transcription factor rx1.